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(54) Method and apparatus for deternnining an alternate route in a vehicle navigation system 



(57) A method and apparatus for deternnining an al- 
ternate route from a new source location located on an 
original route to a subsequent location on the original 
route using a vehicle navigation system are described. 
A portion of the original route to be avoided by the alter- 
nate route is determined which begins at the new source 



location. The portion of the original route includes a plu- 
rality of segments each of which has an original param- 
eter associated therewith. Selected ones of the original 
parameters are adjusted thereby resulting in a plurality 
of adjusted parameters. The alternate route is then de- 
termined based In part on the adjusted parameters. 
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Description 

The present invention relates to route determination 
\n a veliicle navigation system. Arrangements to be de- 
scribed below, by way of example in illustration of the 
present invention are concerned with the determination 
of aSternate routes, i.e., detours, when road conditions 
make an originally delermined roule undesirable or im- 
passable. 

Because updating map databases with up-to-the- 
minute intormation regarding road conditions is an ex- 
ceedingly challenging task (even for so-called intelligent 
vehicle/highway, systems), currently available vehicle 
navigation systems often determine routes on which the 
user may encounter unforeseen or unforeseeable ob- 
stacles such as, for example, road construction or ex- 
cessive traffic. In such situations it is desirable for the 
navigation system to have the capability to determine 
an aUemate route "on the fly" to avoid the obstacle. 

Some systems rely on user input to the route deter- 
mination algorithms to determine routes which are most 
likely to be the easiest and fastest, i.e., the optimum 
route. By prospectively selecting appropriate route de- 
termination criteria: knowledge of actual road conditions 
can be employed by a user tofacilitate the determination 
of the best available route. For example, a user may 
specify that the system make maximum use of free- 
ways, or, alternatively, that no freeways be used at all. 
A user may atso specify that the route should have a 
minimum number of turns, or that it be the shortest dis- 
tance between the source and the destination. In addi- 
tion, a user may specify that the route should avoid ail 
known obstacles such as> for example, toll booths. Un- 
fortunately, while this approach provides some flexibility, 
it cannot anticipate and correct for road obstacles for 
which the user has little or no warning. 

One approach to "on the fly" obstacle avoidance al- 
lows the user to tell the system to prohibit an upcoming 
manoeuvre in response to which the system determines 
a short detour 1rom the point of the prohibited manoeu- 
vre back to some subsequent point on the original route. 

Reference will now be made to Figs. 1 and 2 of the 
accompanying drawings which enable respective previ- 
ously proposed approaches to generating alternate 
routes known to the applicants to be described. Refer- 
ring to Fig. 1, It will be seen that, as a user proceeds 
east on road 102 along originat route 1 04, it will be no- 
ticed by the user that road 106 is closed to the right be- 
cause o1 construction. Asa result, the right turn manoeu- 
vre suggested by the system is impossible. By refusing 
to carry out the manoeuvre indicated by the user inter- 
face, the user alerts the system to the obstacle. The sys- 
tem then determines an alternate route 108 based on 
the assumption that the right turn manoeuvre from road 
102 to road 106 is not allowed. This results in the detour 
via roads 110 and 112 which leads back to road 106 as 
soon as possible. 

Unfortunately, the above-described approach is 



problematic where, for example, the entire portion of 
road 1 06 between roads 1 02 and 1 1 4 is closed. Such a 
situation is addressed by another approach which will 
be described with relerenceto Fig. 2. As in the previous 
5 example, the user alerts the system to the 1acl that the 
right turn manoeuvre on to road 106 is not possible. 
However according to this approach, the system avoids 
Ihe portion of road 106 between the Iwo successive ma- 
noeuvres at the intersection o1 roads 102 and 106 (i.e., 
10 the right turn mentioned above), and the intersection of 
roads 106 and 11 4 (a left turn). By ignoring the road seg- 
ments between the next two upcoming manoeuvres, an 
alternate route 202 is determined which avoids the prob- 
lem discussed above. 
ts However, despite the apparent advantages oflered 

by each of these approaches, none allows the user to 
contribute input as to the nature of the alternate route 
based on the perception of the road conditions by the 
user. Thus, none of the above- described approaches 
20 is sufficient to adapt to the high degree of variability of 
road conditions which may be encountered by a user A 
more flexible approach to "on the fly" determination of 
alternate routes is therefore desirable. 

A feature of a method and apparatus to be de- 
scribed below, by way of example in illustration of the 
present invention for "on the fly" determination of aSter- 
nate routes in a vehicle navigation system is that it al- 
lows the user to specify the portion of the original route 
to be avoided by the alternate route. This enables the 
navigation system to generate alternate routes which 
bear some relation to the actual road conditions encoun- 
tered by the user That is, based on the user's perception 
of the road conditions, the user may specify a distance 
along the original route from the current vehicle position 
35 which is to be avoided by the alternate route. The sys- 
tem then adjusts one or more parameters associated 
with each otthe segments in the original route within the 
specified distance such thai when the alternate route Is 
generated, these segments will tend to be avoided. 
^0 In one embodiment to be described by way of ex- 

ample in illustration of the invention, the system increas-. 
es the cost associated with each segment in the portion 
of the original route specified by the user The amount 
by which each cost value is increased varies according 
^5 to its distance from the vehicles current location, i.e.. the 
starting point of the alternate route. That is. the closer a 
segment is to the current vehicle position, the greater is 
its cost increment. In this way, the alternate route deter- 
mination algorithm tends to avoid completely the original 
50 route segments immediately following the starting point 
of the alternate route, with this avoidance tendency less- 
ening somewhat as the algorithm encounters segments 
which are farther along the original route. 

A method and apparatus will be described below, 
55 by way of example in illustration of the invention, for de- 
termining an alternate route from a new source location 
located on an original route to a subsequent location on 
the original roule using a vehicle navigation system. A 
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portion of the original route to be avoided by the alter- 
nate route is determined beginning at the new source 
location. The portion of the original route includes a plu- 
rality of segmenls each ot which has an original param- 
eter associated therewith. Selected ones of the original 
parameters are adjusted thereby resulting in a plurality 
of adjusted parameters. The alternate route is then de- 
termined based in pari on the adjusted parameters. 

The iollowing description and Figs. 3 to 6 of the 
drawings disclose, by means ot examples, the invention 
which is characterised in the appended claims, whose 
terms determine the extent of the protection conferred 
hereby. 

in the drawings:- 

Fig. 3 is a block schematic diagram of a specific em- 
bodiment of a vehicle navigation system for use with 
the present invention, 

Figs. 4A and 4B illustrate a specific embodiment il- 
lustrative of the present invention. 
Fig. 5 is a table of cost values corresponding to a 
specific embodinnent illustrative of the present in- 
vention, and 

Fig. 6 is a flowchart illustrating a specific embodi- 
ment illustrative of the invention. 

it may be helpful in considering the present inven- 
tion to refer to United States Patents No, 5.345,382. No. 
5,359,529. No- 5,374,933 and No. 5,515.283. 

Referring now to Fig. 3 there is shown a vehicle nav- 
igation system 1 0 for use with the present invention hav- 
ing sensors 12 and 14 and GPS receiver 18 coupled to 
computing means 20 through sensor/GPS interface 22, 
In typical embodiments, mileage sensor 12 is an odom- 
eter, and angular velocity sensor 14 is a gyroscope, or 
a differential odometer coupled to the wheels of the ve- 
hicle. A global positioning system (GPS) data receiver 
IS is provided for receiving signals from^ for example, a 
satellite-based navigation system. Data from sensor/ 
GPS interface 22 is transmitted to CPU 24, which per- 
forms calibration, signal processing, dead-reckoning, 
vehicle positioning, and route guidance functions. A da- 
tabase containing map information maybe stored in da- 
tabase medium 26, with software directing the operation 
of computing means 20 stored in main memory 28 lor 
execution by CPU 24. Memory 28 may comprise read- 
only memory (ROM) , or reprogrammable non-volatile 
memory such as flash memory or SRAM. System RAM 
30 permits reading and writing of the information nec- 
essary to execute such software programs. Database 
medium 26 may comprise non-volatile memory, a hard 
disl^ drive, CD-ROM, or an integrated circuit in which 
digitized map iniormatlon has been stored. Outpul con- 
troller 32, which may comprise a graphics controller, re- 
ceives data processed by CPU 24 and transmits the da- 
ta to display console 40 which includes output commu- 
nicator 34, usually comprising a display screen with as- 
sociated audio electronics and audio speakers. The 



driver may input data, such as a desired destination, 
through user interface 36, typically comprising a key- 
board. 

The map database stored in database medium 26 
5 preferably comprises positional data such as, for exam- 
ple, latitude and longitude coordinates, to describe road 
intersections or nodes, road segments, landmarks and 
points of interest, and other geographical informalion. 
The data base may further comprise data representing 
10 characteristics of roads or places on the map, such as 
road and place names, road features such as dividers, 
one-way reatricllons, surface, speed limit, shape, eleva- 
tion, and other properties, in one embodiment illustra- 
tive of the invention, the map database includes costval- 
V5 ues associated with individual nodes and road seg- 
ments. These cost values correspond to the estimates 
of time intervals tor traversing the respective node or 
segment. Node cost values take into consideration svjch 
information as, tor example, whether the vehicle would 
20 encounter oncoming traffic, thus delaying a left turn ma- 
noeuvre. Segment costs reflect road segment charac- 
teristics such as speed limit and segment length, both 
of which affect the travel time along the segment. Also 
associated with each road in the map database is a link 
55 class which relates to the category or type ot the road. 
For example, the highest level category of the hierarchy 
■is the link class FREEWAY The lowest level includes 
the link classes FRONTAGE and MISC which Include, 
for example, frontage roads and alleys. 
30 One vehicle navigation system illustrative of the in- 
vention is operable to generate a route from a source . 
location to a destination according to a variety of difler- 
ent methods. Some examples of such methods are de- 
scribed in the U.S. patents which are mentioned above. 
35 In addition i further methods for route generation may be 
employed in conjunction with the present invention. 

Figs. 4A and 4B will serve to Illustrate the operation 
of a specific embodiment iHustrative of the invention. In- 
itially, an original route 402 (along roads 404, 406, and 
40 408) is generated by the vehicle navigation system as 
described above. As the user proceeds from source 8 
along road 404= excessive traffic is encountered (or any 
o1 a variety of road obstacles) which activates a key or 
a switch on the user interface and informs the system 
45 that the user v^ishes to avoid a portion of original route 
402. The display screen progression is shown in Fig. 
4B. As the user is proceeding along road 404, the next 
upcoming manoeuvre, i.e.- left turn on road 406, is 
shown on display screen 410. When the user hits the 
so "avoid" key. there is presented the AVOID CURRENT 
ROUTE screen 412 in which the user may scroll to a 
desired distance and hit "enter". The distances may be 
in miles as shown. Alternatively, the distances may be 
presented to the user as a number of road segments, 
55 city blocks, etc. In another embodiment, the user may 
directly input any desired distance within a range. 

Upon the user's selection of the distance, the sys- 
tem generates an alternate route 414 and communi- 
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cales a new upcoming manoeuvre to the user (screen 
416) - In generating alternate route 41 4 the system in- 
creases the cost associated with selected ones of the 
segments in the portion of original route beginning at the 
intersection ot roads 404 and 418 and extending the se- 
lected distance. The manner in which this is accom- 
plished in one particular embodiment illustratrve ot the 
invention may be understood wilh reference lo Fig. 4A 
and table 500 in Fig. 5 As shown in Fig. 4A, original 
route 402 includes segments S1 -SI 3. In generating an 
alternate route, the cost associated with each of these 
segments is increased by an amount shown in table 
500. The cost values in table 500 are measured In sec- 
onds, but it will be understood that such costs may be 
represented in a number of ways. 

As shown in the table, as the segment numbers in- 
crease^ i.e., as the distance from the road obstacle In- 
creases^ the cost added to the segment cost associated 
with each successive segment is gradually decreased 
to zero. The decrement and rate of Ihis decrease de- 
pends upon the distance of the original route to be avoid- 
ed as specified by the user. Thus, the closer the seg- 
ment is to the road obstacle, the more likely that the al- 
ternate route generation algorithm will Ignore it because 
of the dramatic increase in cost. Similarly, as the seg- 
ments recede trom the road obstacle, the likelihood that 
the algorvthm will ignore them decreases until the alter- 
nate route includes a segment from the original route J. 
e., segment S9. 

It will be' understood that the above-described em- 
bodiment may be modified to include the manipulation 
of node costs in place of, or in addition to, the manipu- 
lation of segment costs. Node costs are the costs asso- 
ciated with traversing a map node such as, for example, 
an Intersection. The node cost for a particular intersec- 
tion may be determined without regard to a particular 
loute. It may also be determined to specifically reflect 
the traversal of tiie intersection from one specific seg- 
ment to another. According to such an embodiment, 
node costs may be manipulated in much the same way 
as shown in Fig. 5 with regard to segment costs. The 
manipulated node costs may then be used to determine 
the alternate routs either in place of the segments' costs, 
or in addition to them. 

Fig. 6 Is a flowchart 600 which illustrates the oper- 
ation ot a specific embodiment oi the invention. The ve- 
hicle navigation system being described guides the user 
along an originally calculated route (step 601) unless it 
receives an "avoid route" signal in response to input 
from the user (step 602). The system then presents the 
user with an 'AVOID CURRENT ROUTE" screen as 
shown In Fig. 4B (step 604) so that the user may specify 
how much of the original route to avoid. Upon selection 
by the user of a portion ot the current route to be avoided 
(step 606), the system generates a detour list which in- 
cludes segments oi the original route beginning with the 
vehicle's current location and ending at the distance 
specified by the user (step 60S). For selected segments 



in the list, the system then increases the costs associ- 
ated with each (step 610). 

As discussed above with reference to Figs. 4A and 
5. the cost increment decreases as the distance be- 
s tween the original road segments and the road obstacle 
increases. Once the costs associated with the original 
road segments have been increased in this manner the 
system generates an allernale route from the vehicle's 
current location, i.e., the location o1 the road obstacle, 
10 to some subsequent location on the original route (step 
612). As discussed above, because of the increased 
costs associated with tine original route segments in the 
detour list, the system tends to avoid expansion along 
these segments with the altemate route determination 
15 algorithm. This is especially true for the original route 
segments closest to the beginning of the alternate route 
because the greatest cost increase is associated with 
these segments. However, the further the original route 
segments in the detour list are from the current vehicle 
20 location, the less likely they are to be avoided by the 
search algorithm. In this way^ the alternate route deter- 
mination algorithm eventually includes a segment in the 
alternate route which coincides with a segment in the 
original route. Once this occurs, the algorithm termi*- 
25 nates (step 614). 

While specific embodiments illustrative of the inven- 
tion have been described by way of example, it will be 
understood that variations and modifications thereof, as 
well as other embodiments may be made without de- 
30 parting from the scope of the protection sought by the 
appended claims. For example, embodiments have 
been described in which a variable increment is added 
to the segment costs associated with the road segments 
in a specified portion of the original route. It will be un- 
35 derstood; however, that these costs may be manipulat- 
ed in a variety of ways within the scope of the protection 
sought. For example, in contrast to table 500, the cost 
increment need not be uniformly decremented for each 
successive segment in the original route. Rather, the 
40 cost increment may be fixed for several successrve seg- 
ments. 

Moreover, for selected segments in the original 
route, rather than increasing the associated segments 
costs, access to such segments (e.g., the first five seg- 
ments after the road obstacle) may be completely pro- 
hibited. Fixed and/or variable cost increments may than 
be added to successive segments. Thus, a variety of 
segment parameters (e,g segment cost) may be ma- 
nipulated in a variety of ways for the segments in the 
so portion ot the original route to be avoided by the alter- 
nate route. 



Claims 

55 

1 . A method ior use In determining an alternate route 
from a new source location located on an original 
route to a subsequent location on the original route 
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1. 



using a vehicle navigation system, Ihe metliod in- 
cluding tine steps of 

determining a portion of the onginal route to be 
avoided by tiie alternate route, the portion of 
the original roLite beginning at the new source 
location, and the portion of the original route 
having a plurality ol segmenls each of which 
has an original parameter associated there- 
. with, 

adjusting seiected ones of the original param- 
eters thereby providing a plurality of adjusted 

parameters, and 

determining the alternate route from the new 
source location to the subsequent location 
based in part on the adjusted parameters. 

A method as claimed in claim 1 wherein the first de- 
termining step includes the steps of 

providing an input device to a user of the vehi- 
cle navigation system lor selecting a length of 
the portion of the original route to be avoided 
by the alternate route, and 
determining the portion oi the original route in 
response to input from the user. 



3. 



5. 



6. 



20 



25 



A method as claimed in claim 2 wherein the input 
device provides a plurality of iengtii options from 
which the user makes a selection. 

A method as claimed in claim 1 wherein the input 
device allov^/s the user to specity the length o1 the 
portion of the original route to be avoided. 



A method as claimed in claim 1 wherein the param- 
Gters include segment costs, the adjusting step in- 
cluding adding an additional cost to seiected ones 
of the segment costs. 

A method a© claimed In claim 5 wherein the addi- 
tional cost is fixed. 

A method as claimed in claim 5 wherein the addi- 
tional cost varies with the distance between the new 
source iocation and a particuiar segment. 



B. A method as claimed in claim 7 wherein the addi- 
tional cost decreases as the distance betv^/een the 
new source location and the particular segment in- 
creases. 

9. A method as claimed in claim 1 wherein the param- 
eters relate to segment access, the adjusting step 
including prohibiting access to selecied ones of the S5 
segments for the determination of the aiternale 
route. 



10. A method as ciasmed in claim 1 wherein the param- 
eters include node costs, the adjusting step includ- 
ing adding an additional cost to selected ones of the 
node costs 

6 

11. A method as claimed in claim 10 wherein the addi- 
tional cost is fixed. 

12. A method as claimed in claim 10 wherein the addi- 

10 tional cost varies with the distance between the new 
source location and a particular node. 

13. A method as claimed in claim 12 wherein the addi- 
tional cost decreases as the distance between tine 

15 new source location and the particular node in- 
creases. 



14. An apparatus for use in determining an alternate 
route trom a new source location located on an orig- 
inal route to a subsequent location on the original 
route, including 

means for deternnining a portion of the original 
route to be avoided by the alternate route, the 
portion of the original route beginning at the 
newsource location, and the portion of the orig- 
inal route including a plurality of segments each 
of which has an original parameter associated 
therewith, 

means for adjusting selected ones of the origi- 
nal parameters thereby resulting in a plurality 
of adjusted parameters, and 
means for determining the alternate route from 
the new source iocation to the subsequent lo- 
cation based in part on the adjusted parame- 
ters. 

1S. A vehicle navigation system, including 

a plurality of sensors for detecting a current ve- 
hicle position and a vehicle heading, and for 
generating signals indicative thereof, 
a database medium having geographic loca- 
tions of a plurality of road segments and seg- 
ment nodes stored therein, 
a processor coupled to the sensors and the da- 
tabase medium for generating an alternate 
route from a new source iocation located on an 
original route to a subsequent location on the 
original route, the processor being operable to 

(a) determine the portion of the original 
route to be avoided by the alternate route, 
the portion of the original route beginning 
at the new source location, the portion of 
the origrial route including a plurality of 
segments each of which has an original pa- 
rameter associated therewith. 
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(b) adjust selected ones o1 the original pa- 
rameters thereby resulting in a plurattly of 
adjusted parameters, and 

(c) determine the alternate route Irom the 
new source location to the subsequent lo- 5 
cation based in part on the adjusted param- 
eters, and 

an output communicator coupled to the proces- 
sor for communicating the alternate route to a 
user of the vehicle navigation system. 

16, A computor program product tor determining a 
route from a source location to a destination, includ- 
ing '5 

a computer-readable medium, and 
a computer program mechanism embedded in 
the computer-readable medium for causing a 
computer to perform the steps of 

determining a portion of the original route 
to be avoided by the alternate route, the 
portion of the original route beginning at the 
new source location, and the portion of the 25 
original route comprising a plurality o1 seg- 
ments each of which has an original pa- 
rameter associated therewith, 
adjusting selected ones of the original pa- 
rameters thereby resulting in a plurality of 
adjusted parameters, and 
determining the alternate rout© from the 
new source location to the subsequent lo- 
cation based in part on the adjusted param- 
eters. 35 
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